ABSTRACT: Little knowledge on the digestive and metabolic utilization of solid feed in veal calves is available. The objectives of the study were to determine the effects of 2 solid feeds offered at 2 feeding levels (FL90 and FL105) in addition to a milk replacer on heat production (HP) and protein and fat deposition in veal calves. Sixteen calves (148.0 ± 3.7 kg) received milk replacer (75% of a reference DE allowance) and solid feeds that consisted of corn grain and pelleted hydrolyzed wheat gluten without (CO) or with (CS) chopped wheat straw. The solid feed supply provided 15 or 30% of the reference DE allowance to achieve FL90 or FL105, resulting in 4 treatments: CO90, CS90, CO105, and CS105. A fifth treatment consisted of using the milk replacer alone at FL90 (treatment M90) and was measured in 4 other calves. All calves were kept individually for 7 d in a respiration chamber to estimate energy and N balances and fasting HP. The digestibility coefficients of DM, OM, GE, and major nutrients were at least 94% for M90 and decreased when solid feed was added (P < 0.05). Methane production was negligible in M90 calves and increased when solid feed was given (ranging 8 to 23 L/d between CO90 and CS105, P < 0.01), indicative of ruminal fermentation.
INTRODUCTION
European legislation has promoted solid feed supplementation of milk-fed veal calves to enhance the development of rumen activity, decrease abnormal oral behavior, and more generally improve animal welfare (Veissier et al., 1998) . Nevertheless, the majority of nutrients are provided by milk replacer. Introduction of solid feeds in the ration of veal calves has been shown to increase rumen size and stimulate rumen fermentation (Suarez et al., 2006a) . Solid feed may represent a significant proportion of the nutrient supply with subsequent consequences on carcass and meat characteristics (Cozzi et al., 2002) . Rumen fermentation results in the production of VFA, which may be metabolized differently than glucose provided by the digestion of lactose and starch from the milk replacer. Nevertheless, little attention has been devoted to the digestive and metabolic utilization of nutrients from solid feeds in veal calves. The few existing studies were conducted with young veal calves over long periods of time (Roy et al., 1971) or when solid feed was given as the main energy source (Vermorel et al., 1980) . In fact, no information is available concerning the use of the energy in the current context of veal calf production, with the combined use of milk replacer as the main nutrient source and solid feed in calves heavier than 100 kg. The objectives of the present experiment were to measure heat production (HP), energy utilization, and protein and fat deposition in veal calves receiving solid feeds containing primarily either starch or fiber at 2 feeding levels (FL) in addition to a standard milk replacer liquid feed. An additional objective was to estimate the relative energy values of milk replacer and the 2 types of solid feed.
MATERIALS AND METHODS
The experiment complied with French laws on animal experimentation and ethics and was conducted under the direction of J. Noblet and G. Bertrand.
Experimental Design
The objectives of the experiment were to test the effects of adding solid feed in rations of veal calves on protein and fat deposition and HP. Two FL, determined according to a previous experiment (Labussiere et al., 2008a) , were involved; they corresponded to 90% (FL90) or 105% (FL105) of a reference DE allowance (Labussiere et al., 2008a) previously established according to empirical data (G. Bertrand, unpublished data) . For that purpose, all calves received diets in which the milk replacer DE provided 75% of the reference DE allowance. This basal allowance (FL75) was supplemented with 2 solid feeds: the supplement used for diet CO contained 90% corn grain and 10% pelleted hydrolyzed wheat gluten, whereas the supplement diet, CS, contained 90% of the supplement used for diet CO plus 10% chopped wheat straw. Hydrolyzed wheat gluten was included in the solid feed to balance protein and energy contents according to recommendations for growing ruminants (balance between NE and truly digestible protein in the intestine and balance between microbial protein from rumen-degraded or rumen-fermented OM; INRA, 2007) . Solid feeds were added in the ration at a low or a high inclusion rate equivalent to 15% (treatments CO90 and CS90) or 30% (treatments CO105 and CS105) of the reference DE allowance, resulting in a total DE allowance equaled to FL90 or FL105, respectively. A fifth treatment (M90) involving milk replacer as the only source of DE was offered to provide a DE supply of FL90. This milk replacer has been used during a previous experiment (Labussiere et al., 2008a) . The amount of feeds offered to the calves during the adaptation and measurement periods was adjusted according to their BW and expected growth during adaptation. Chemical composition of ingredients and complete rations are given in Tables 1 and 2. Measurements were conducted on 4 calves per treatment and consisted of a 6-d N and energy balance period in respiration chambers followed by a fasting day for estimating fasting HP (FHP). Two successive batches of calves were used, and calves of the second batch were purchased 4 wk after the first batch. Measurements for treatments with solid feeds were conducted during the 14th to the 17th wk after purchase. Each wk, 2 calves receiving the same FL, but different solid feeds were measured so that average age for balance measurements was equivalent for the 4 treatments containing solid feeds. Characterization of digestive and metabolic utilization of the M90 treatment was performed on 2 calves of the first batch during the 13th wk and on 2 calves of the second batch during the 18th wk.
Animals, Housing, and Management
Two batches of 25 male Prim Holstein calves were used in this experiment. Calves were raised at the experimental station of the Institut de l'Elevage (Le Rheu, France). Upon arrival, calves were assigned (according to BW) to 1 of the 3 treatments: milk replacer only (5 calves), milk replacer plus CO (10 calves), and milk replacer plus CS (10 calves). At the beginning of wk 8 after purchase, calves receiving solid feeds were assigned FL90 or FL105 so that each treatment was applied to 5 calves per batch. Two calves were actually used for measuring their N and energy balance, and the others were kept as potential substitutes. Rations offered to the calves when housed in pens at the experimental station of the Institut de l'Elevage were calculated to allow a DE intake equivalent to 95% of the target DE allowance (Labussiere et al., 2008a) . Calves to receive solid feeds started to eat solid feed 2 wk after purchase. From wk 8 to 10, the amounts of milk replacer and solid feeds were adjusted so that the fraction of DE provided by solid feed progressively reached the target ratio during measurements (i.e., 20% for CO90 and CS90 calves, or 31% for CO105 calves, or 33% of total DMI for CS105 calves), whereas total daily DE allowance remained equivalent to 95% of the reference DE allowance. From wk 10 and each following week, 2 calves were tethered individually with a collar around their neck and fed according to their designated FL. After 1 wk, the calves were housed in metabolism cages with woodslatted floors at the experimental station of the Institut de l'Elevage for another adaptation week. The calves were then transferred to the INRA facilities (SaintGilles, France, located 10 km from Le Rheu) for further adaptation and measurements. They were housed in metabolism cages within the same room but separated by a curtain to avoid visual contact between the 2 calves. Calves were harnessed with a fecal collection plastic bag 3 d before entrance in the respiration chamber to allow for total feces collection. The bags were fixed to the harness placed under the tail of the calf and held in place with straps around the body of the calf.
Cages were equipped with 2 troughs (1 for milk replacer and water and 1 for solid feed). The trough for the milk replacer was equipped with an automatic feeder that was also used for water distribution. Milk replacer was given as 2 equal meals daily at 0845 and 1800 h, according to procedures described previously (Labussiere et al., 2008b) . After a 10-min time span, refusals were pumped and the trough and the distribution tubes were rinsed out with 1 L of hot water (60°C). Refusals and rinse water were collected together and stored. In the respiration chamber, the plastic can that contained the reconstituted milk before distribution was mounted on a weight sensor to detect when the distribution of the reconstituted milk began; as calves drank immediately, this was assumed to be the beginning of the meal. The trough for the solid feed was equipped with a trap door to control access to the feed and an automatic feeder so that solid feed was distributed as 2 equal parts daily. Solid feeds were not pelleted, but amounts of each feedstuff were weighed for each calf before each meal. The trap door opened at 1000 and 1915 h, and 1.5 L of water was offered to the calves at 1015 and 1930 h. Four hours later, the trough was closed and water refusals were discarded. Solid feed refusals (if >100 g) were removed from the trough the next morning before milk distribution. In the respiration chamber, the solid feed trough was placed on a weight sensor to determine the number, time, and duration of meals. During the 1 M90 = milk replacer provided at a feeding level equaled to 90% of a reference DE allowance (FL90); CO90 = milk replacer plus corn and wheat gluten provided at FL90; CS90 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL90; CO105 = milk replacer plus corn and wheat gluten provided at a feeding level equal to 105% of a reference DE allowance (FL105); CS105 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL105.
2 FL = feeding level.
3 From Labussiere et al. (2008a) . 4 From values provided in Table 1. fasting day, the calf received only a morning meal of milk replacer and fresh water was given for the evening meal; no solid feed was distributed. During the N and energy balance period, the calf in its metabolism cage was placed in a 12 m 3 open-circuit respiration chamber similar to those described by Vermorel et al. (1973) . The cage was mounted on force sensors that produced an electrical signal proportional to the physical activity of the calf (Quiniou et al., 2001) . The position of the animal was evaluated using an infrared beam placed across the cage at the bottom of the hip of the standing calf. The temperature and relative humidity of the air in the chamber were maintained constant at 18°C and 70%, respectively. A 14-h lighting time span (from 0730 to 2130 h) was used. The 2 respiration chambers were independent but equipped with microphones and speakers so that calves could hear each other.
Measurements and Sampling Procedure
Calves were weighed upon arrival at the INRA facilities, entrance in the respiration chamber, and on the morning after the fasting day. The BW at the end of the balance measurement (before the fasting day) was estimated from BW after fasting and BW loss during fasting estimated in a previous trial (Labussiere et al., 2008b) .
The quantity of milk replacer and solid feed ingredients offered to each calf when housed at the INRA facilities were weighed for each distribution. Milk replacer and solid feed ingredients were sampled over the balance period for the 2 simultaneously measured calves, and samples were pooled over the experiment. Diluted refusals of milk replacer were weighed, and a 20-mL sample was frozen (−20°C) for each calf after each meal during the balance period. Each morning of the balance period and before the meal, gas concentration measurements were discontinued for about 20 min, during which solid feed refusals (if >100 g), feces, and urine were collected, care was provided to the animals (adjustment of the fecal collection harness), and gas analyzers were calibrated. Solid feed refusals were weighed daily and pooled per calf over the 6-d balance period. At the end of the balance measurement, ingredients in the refusals (i.e., corn, wheat gluten, and wheat straw) were manually separated and each fraction was weighed, sampled, and stored (4°C). Feces were weighed each morning, pooled per calf over the 6-d balance period, and stored (−20°C). Urine was collected in buckets containing 240 mL of H 2 SO 4 (1.8 M) to prevent microbial activity and ammonia volatilization. The urine was weighed each morning, and an aliquot (0.5% of daily weight) was taken and pooled over the 6-d balance period and stored at 4°C before analysis.
Gas concentrations (i.e., CO 2 , O 2 , and CH 4 ) of outgoing air and ventilation rate were continuously recorded according to van Milgen et al. (1997) . The O 2 concentration was measured with a paramagnetic differential analyzer (Oxymat 6, Siemens AG, Munich, Germany), whereas CO 2 concentration was measured with an infrared analyzer (Ultramat 6, Siemens AG or Unor 600, Maihak AG, Hamburg, Germany). A single CH 4 analyzer (Unor 6N, Maihak AG) was available for the 2 respiration chambers, and methane production was measured during the first 3 d of the balance period for 1 respiration chamber and during the following 3 d for the other. The gas extraction rate was measured with a mass gas meter (Teledyne Brown Engineering, Hampton, VA). To partition HP between components due to physical activity, feed intakes and basal metabolic rate, gas concentrations, signals of the force sensors, weight of the distribution can of milk replacer, weight of the solid feed trough, and physical characteristics of gas in the respiration chamber (temperature and relative humidity) were measured 60 times/s, averaged over 10-s intervals, and recorded for further calculations. The urinary N losses in the air, recovered in condensed water and outgoing air, were collected according to the methods described by Noblet et al. (1987) .
Chemical Analyses
Samples of milk replacer and feedstuffs were analyzed for DM, ash, N, starch, crude fiber, crude fat, and GE according to Thivend et al. (1967) and AOAC (1990) . Samples of milk replacer were analyzed for lactose using an enzymatic method (Enzytec, Scil Diagnostics GmbH, Viernheim, Germany) after removal of protein with Carrez zinc and potassium salts (AOAC, 1990) . Refusals of diluted milk replacer and solid feed ingredients were analyzed for DM content; composition of refused DM was assumed to be identical to offered DM. Samples of feces were analyzed for DM, ash, starch, N, crude fat, crude fiber, and GE contents. The NDF and ADF contents of pooled samples of feedstuffs and feces samples were analyzed according to Van Soest et al. (1991) with prior amylolytic treatment, and sodium sulfite was added into the neutral detergent solution to remove keratinaceous residues of animal origin (hair). Samples of urine were analyzed for N content on fresh material, and the GE content was obtained after freezedrying approximately 30 mL in polyethylene bags. The ammonia content in condensed water and extracting air solution and the glucose content of urine were determined on fresh material using enzymatic methods (Enzytec fluid, Scil Diagnostics GmbH and Biomerieux, Marcy L'Etoile, France).
Calculations
Mean BW gain was calculated over 12 consecutive days (adaptation and measurement periods) from BW at arrival and estimated BW at the end of the balance period. Additionally, the mean growth rate while in the respiration chamber was calculated from BW at entrance in the chamber and the (estimated) BW at the end of the balance period.
Solid feed for milk-fed veal calves Daily DMI of each feedstuff, apparent digestibility coefficients, and N and energy balances were calculated according to standard methods described previously (Labussiere et al., 2008b) except that methane production was considered in the calculation (energy content: 39.5 kJ/L, Brouwer, 1965) . The first day in the respiration chamber was considered as an adaptation day; all calculations were then performed over the 5 subsequent days. Energy retention (RE) was calculated as the difference between daily ME intake and average HP. Energy retained as protein was calculated from N balance assuming an energy concentration of 23.6 × 6.25 kJ/g (van den Borne et al., 2006) ; the remaining RE was assumed to be retained as fat. Fat deposition was calculated assuming an energy concentration of 39.7 kJ/g. Protein and lipid contents of BW gain were calculated by relating deposition to mean BW gain over the 12 consecutive days of adaptation and measurements.
Simultaneous measurements of O 2 and CO 2 concentrations of the outgoing air from the respiration chamber, signals of force sensors, physical characteristics of the gas in the respiration chamber, and meal information (time of eating, amount ingested, and type of feed: solid or liquid) were used to calculate the components of HP. The model of van Milgen et al. (1997) was modified to account for the potentially different effects of milk replacer and solid feed on HP. The variation in O 2 and CO 2 concentration in the chamber were related to the intake of liquid and solid meals and physical activity of the calf, in addition to the gas exchanges resulting from the basal metabolic rate. The HP due to physical activity (AHP), liquid feed intake (short-term thermic effect of feeding, TEFL), solid feed intake (short-term thermic effect of feeding, TEFS), and resting metabolism (RHP) were then calculated ( Figure  1 ) from respective volumes of O 2 and CO 2 according to the formula of Brouwer (1965) . As urinary N and CH 4 could not be attributed to a specific HP component, they were not considered in the calculation of HP components. For the fasting day, this modeling procedure was carried out on the last 12 h of the day, resulting in only 2 components of total O 2 consumption and CO 2 production: one due to physical activity and one due to fasting metabolism rate at 0 activity level. These latter volumes were used to calculate FHP, which corresponded to the asymptotic value of metabolic rate at 0 activity. The difference between RHP and FHP was considered as the long-term effect of feed intake and without dissociating the solid and liquid feeds. The long-term effect of feeding plus TEFL and TEFS were used to calculate the total thermic effect of feeding (TEF). All energy measurements were expressed relative to BW 0.85 (Labussiere et al., 2008c) .
The NE intake by each calf was calculated as the difference between ME intake and the sum of AHP and TEF. The NE content of each ration was calculated as the ratio between NE intake and DMI. The efficiency of utilizing ME for maintenance and growth (k mg ) was calculated as the complement of the ratio between the sum of AHP and TEF, and ME intake. Maintenance ME requirements were calculated as FHP divided by k mg .
Statistical Analyses
Three calves (2 on treatment CO105 and 1 on treatment M90) had intake difficulties when in the respiration chamber. Two other calves receiving treatment CO105 with similar adaptation periods were measured as replacements. The calf on treatment M90 was not replaced; only the data from the 3 other calves on M90 treatment were considered in the statistical analysis.
Apparent digestibility coefficients, components of N and energy balances, growth rate, and composition of Figure 1 . Example of partition of heat production between physical activity (AHP), milk replacer intake (short-term, TEFL), solid feed intake (short-term, TEFS), long-term milk and solid feed intake (long-term, TEF), and fasting heat production (FHP); data from an individual calf on the CS105 treatment (milk replacer plus corn, wheat gluten, and wheat straw provided at a feeding level equal to 105% of a reference DE allowance).
BW gain were tested for a treatment effect (n = 5), and a set of 4 contrasts among treatments using PROC GLM (SAS Inst. Inc., Cary, NC). Contrast 1 compared M90 calves with CO90 or CS90 calves. Contrast 2 tested the effect of inclusion of chopped wheat straw in the solid feed and compared CO90 and CO105 calves to CS90 and CS105 calves. Contrast 3 tested the effect of solid feed level (and FL) and compared CO90 and CS90 calves with CO105 and CS105 calves. Finally, contrast 4 tested the interaction between the 2 previous effects and compared CO90 and CS105 calves with CO105 and CS90 calves. Because this latter contrast was not significant for a large set of variables, results for this contrast are not presented in tables but specified in the text when significant.
Energy contents of milk replacer and the CO and CS solid feeds were determined from values measured on daily rations (Y) using a regression approach with PROC NLIN of SAS according to the following model: 
RESULTS
The chemical content of feedstuffs and the composition of rations are given in Tables 1 and 2 . Despite the fact that the solid feeds CO and CS were not pelleted, calves did not select among ingredients and feed refusals were negligible. Intake of milk replacer was not affected by dietary treatments (P ≥ 0.21), whereas intakes of corn + wheat gluten and straw doubled from FL90 to FL105 (P < 0.01). Mean BW of the animals during measurements is given in Table 3 ; it was not affected by the composition of the ration or solid feed level (P ≥ 0.31). However, mean BW of the M90 calves was less because of the deletion of data from 1 calf measured during the 18th wk. Mean BW of the calves fed treatment CO105 was numerically greater than calves receiving other treatments as a result of the greater BW of replacement calves that were utilized.
Digestive Utilization of Nutrients
Apparent digestibility coefficients of DM, OM, CP, crude fat, starch, and GE were all above 94% for treatment M90, and the digestibility coefficient of ash was 86.9% (Table 3 ). The digestibility coefficients of DM, OM, ash, CP, and crude fat were less for treatments CO90 and CS90 compared with M90 (P < 0.05). The digestibility coefficients of DM and OM decreased when FL increased (P < 0.01), whereas digestibility coefficients of ash and crude fat were not changed (P ≥ 0.11); digestibility coefficient of CP tended (P = 0.06) to decrease at FL105. The addition of straw resulted in decreased digestibility coefficients of DM, OM, and CP (P < 0.01). The digestibility coefficient of starch ranged between 97.9 (treatment CS105) and 99.9% (treatment CO90) and was reduced by the addition of straw (P < 0.01) and by the increasing FL (P = 0.04). Digestibility coefficients of crude fiber, NDF, ADF, and GE were less with solid feed CS than with solid feed CO, irrespective of FL (P < 0.01, Table 3 ). The digestibility coefficient of GE decreased when FL increased (P = 0.01).
Metabolizability of DE
Methane production (Table 3) was negligible (2.9 L/d) with treatment M90 and was greater with the addition of solid feeds (P < 0.01) and the addition of straw (P < 0.01). If expressed as a percentage of daily GE intake from solid feed, energy loss due to methane production was significantly greater when wheat straw was offered to the calves compared with other treatments with solid feed (P < 0.01). Nevertheless, the percentage of GE from solid feed lost as methane production decreased when FL increased, from 4.0 to 3.2% for diet CO and from 9.1 to 5.3% for the diet CS, in connection with a tendency (P = 0.08) for an interaction between the level and content of the solid feed. The amount of glucose excreted in urine was highly variable, and differences between treatments were only numerical. Urinary glucose decreased from 20 g/d with treatment M90 to 5 g/d with treatment CS105. The metabolizability of DE was slightly greater (P = 0.08) with treatment M90 (95.6%) compared with CO90 and CS90; it decreased when straw was added in the ration to 94.6% (average value for treatments CS90 and CS105, P < 0.01) but was not affected by FL (P = 0.56).
Solid feed for milk-fed veal calves = milk replacer provided at a feeding level equaled to 90% of a reference DE allowance (FL90); CO90 = milk replacer plus corn and wheat gluten provided at FL90; CS90 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL90; CO105 = milk replacer plus corn and wheat gluten provided at a feeding level equaled to 105% of a reference DE allowance (FL105); CS105 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL105.
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For 19 calves (3 for treatment M90 and 4 for each of the other treatments).
3
Contrasts: liquid vs. solid feed = M90 vs. CO90 and CS90; type of solid feed = CO90 and CO105 vs. CS90 and CS105; energy level = CO90 and CS90 vs. CO105 and CS105; the interaction between type of solid feed and energy level was also tested but is not shown due to nonsignificance for all variables except the percentage of GE from solid feed lost as methane (P = 0.08).
4 NE = not estimable; data from calves receiving treatment M90 were removed from the analysis and only the remaining 3 contrasts were tested.
N Balance
As designed, N intake averaged 71.0 g/d for treatments M90, CO90, and CS90 and increased to 85.6 g/d for treatments CO105 and CS105 (P = 0.02, Table 4 ). Fecal N excretion equalled 3.1 g/d for treatment M90 and increased with the addition of solid feed in the ration (P = 0.02), the inclusion of straw (P = 0.03), and the increased FL (P < 0.01). Urinary N excretion and evaporated N did not differ (P ≥ 0.11) among treatments and averaged 30.5 and 0.2 g/d, respectively. Total N excretion equaled 29.4 g/d for treatment M90 and increased when solid feed was added (P = 0.04) and when FL increased (P = 0.05). Nitrogen retention did not differ between the CO90 and CS90 treatments and M90 (mean = 36.4 g/d for M90, CO90 and CS90, P = 0.53). It was greater (P = 0.03) for treatments at FL105 (mean = 43.1 g/d) compared with FL90. Expressed as a percentage of digestible N (DN), N retention was greater for treatment M90 (59.2%, P = 0.04) compared with CO90 and CS90. It was not affected by FL and equaled 54.5% on average for treatments with solid feed.
Energy Balance
The ME intake (kJ/kg of BW 0.85 daily) did not differ (P = 0.46) between the CO90 and CS90 treatments and M90 (587 kJ/kg of BW 0.85 daily, Table 5 ), and it was greater when FL increased (687 kJ/kg of BW 0.85 daily, P < 0.01). Similarly, at FL90, total HP was not affected by the inclusion of solid feed at FL90 (P = 0.70) but increased up to 440 kJ/kg of BW 0.85 daily when FL increased (P < 0.01). Daily energy stored as protein tended (P = 0.08) to be greater with treatment M90 compared with other FL90 treatments. It increased (P < 0.01) with increasing FL. Daily energy stored as fat and total RE were similar for M90 and the CO90 and CS90 treatments (P ≥ 0.42) but increased (P < 0.01) when FL increased. The provision of solid feed at FL90 (i.e., substituting carbohydrates for fat) increased (P < 0.01) the respiratory quotient from 0.907 to 0.937, and the increasing FL further increased (P < 0.01) respiratory quotient to 0.969.
Among HP components, FHP did not differ between the CO90 and CS90 treatments and M90 (P = 0.13) and averaged 299 kJ/kg of BW 0.85 daily and tended (P = 0.09) to increase up to 308 kJ/kg of BW 0.85 daily when FL increased. Activity HP was not affected (P ≥ 0.21) by dietary treatment and averaged 53 kJ/kg of BW 0.85 daily. Short-term TEFL was 33 kJ/kg of BW 0.85 daily or 1.07 MJ/kg of milk replacer DMI for treatment M90, but decreased when solid feed was included in the ration (P ≤ 0.01) and when FL increased (P ≤ 0.01) with the least values for treatments CO105 and CS105 (14 kJ/kg of BW 0.85 daily or 0.54 MJ/kg of milk replacer DMI). Short-term TEFS increased from 18 to 26 kJ/kg of BW 0.85 daily when solid feed supply increased (P = 0.02), irrespective of solid feed composition (P = 0.74). Nevertheless, when expressed relative to solid feed DMI, short-term TEFS tended to decrease (P = 0.07) from 3.01 to 2.20 MJ/kg and from 2.55 to 2.01 MJ/kg for solid feeds CO and CS, respectively, as DMI increased. Long-term TEF equalled 9 kJ/kg of BW 0.85 daily in calves fed diet M90 and increased with addition of solid feed (P = 0.03), inclusion of straw (P < 0.01), and increasing FL (P < 0.01). Total TEF equaled 42 kJ/kg of BW 0.85 daily for treatment M90. It increased when solid feed was added (P = 0.02), when straw was included (P = 0.02), and when FL increased (P < 0.01). Expressed relative to total DMI, long-term TEF equalled 0.49 and 0.74 MJ/kg of DM with treatments CO90 and CO105, and increased (P = 0.01) to 0.90 and 1.11 MJ/kg of DM with treatments CS90 and CS105, = milk replacer provided at a feeding level equaled to 90% of a reference DE allowance (FL90); CO90 = milk replacer plus corn and wheat gluten provided at FL90; CS90 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL90; CO105 = milk replacer plus corn and wheat gluten provided at a feeding level equal to 105% of a reference DE allowance (FL105); CS105 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL105. 4 NE = not estimable; data from calves receiving treatment M90 were removed from the analysis, and only the remaining 3 contrasts were tested.
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Calculated as the complement of the ratio between the sum of AHP and TEF, and ME intake.
6
Calculated from individual FHP values and efficiency of utilizing ME for maintenance and growth.
7 Calculated as the difference between ME and the sum of AHP and TEF.
respectively. As a consequence, total TEF increased (P = 0.02) when solid feed was included in the ration; it also decreased when straw was added (P = 0.03). The efficiency of utilizing ME for maintenance and growth was 84.5% for treatment M90 and decreased to 81.7% for treatments CO90 and CO105 and to 79.5% for treatments CS90 and CS105 as a result of the inclusion of solid feed (P = 0.02) and the addition of straw (P = 0.05). The maintenance ME requirement (364 kJ/ kg of BW 0.85 daily) was not affected (P = 0.76) by the inclusion of solid feed at FL90. The maintenance ME requirement increased (P = 0.04) to 382 kJ/kg of BW 0.85 daily for FL105.
Energy Values
The DE and ME contents ranged from, respectively, 20.20 and 19.33 MJ/kg of DM for treatment M90 to 18.19 and 17.25 MJ/kg of DM for treatment CS105 as a result of combined effects of addition of solid feed, inclusion of straw, and increasing FL (P ≤ 0.05, Table  5 ). The NE content was affected by the inclusion of solid feed and wheat straw (P < 0.01), but there was no effect of the level of solid feed offered (P = 0.10). From the regression analysis, the DE and ME contents of solid feed CO were 16.30 and 15.53 MJ/kg of DM, respectively, and those for CS were 14.07 and 13.10 MJ/kg of DM, respectively (Table 6 ). The NE contents of the CO and CS solid feeds equaled 11.59 and 8.26 MJ/kg of DM, respectively.
Behavioral Measurements
The number of standing bouts tended to increase when solid feed was added in the ration (11.5 for M90 calves vs. 15.6 times per day on average for the other FL90 treatments, P = 0.07, Table 7 ). However, duration of standing increased (P < 0.01) from 6.5 h/d for FL90 to 7.9 h/d for FL105 for calves fed solid feed CO and from 5.7 for FL90 to 7.0 h/d for FL105 calves fed solid feed CS. It tended (P = 0.07) to be affected by the addition of wheat straw in the ration.
The number of solid meals consumed was greater with CO compared with CS (4.4 vs. 2.5 meals/d, P = 0.03) but was not affected by FL (P = 0.10). The duration of solid meals doubled from 25.0 to 51.9 min/d when FL increased (P < 0.01), but it was not affected by composition of the solid feed (P = 0.53). Solid DMI increased from 143 g/meal with treatment CO90 to 352 g/meal with treatment CS105 as a result of an effect of inclusion of straw (P = 0.03) and an effect of FL (P = 0.04).
Body Component Gains
Due to the short duration of measurements, the small number of animals, and the method of calculation (from estimated BW before fasting), BW gain was not estimated with good precision. Body weight gain equaled 922 g/d for treatment M90 and increased (P = 0.05) from 1,214 g/d for CO90 and CS90 to 1,411 g/d for CO105 and CS105 (Table 8) . Daily protein and fat deposition averaged 227 and 178 g/d, respectively, at FL90 and was not affected by the inclusion of solid feed in the ration (P ≥ 0.53, respectively). Protein and fat deposition increased from 227 and 178 g/d at FL90 to 268 and 284 g/d at FL105 (P = 0.03 and P < 0.01, respectively) but did not differ (P ≥ 0.57) between CO and CS treatments. The greater increase in fat gain compared with protein gain between FL90 and FL105 resulted in an increase (P < 0.01) in the fat to protein ratio in BW gain, which ranged from 0.78 g/g at FL90 to 1.05 g/g at FL105.
Protein, fat, and energy contents of BW gain were calculated by relating nutrient gain to mean BW gain over the 12-d measurement period. The protein content of BW gain decreased (P < 0.01) from 265 g/kg of BW gain for treatment M90 to 187 g/kg of BW gain on average for treatments CO90 and CS90, but it was not affected by FL (P = 0.85). The fat content did not differ (P = 0.14) between the CO90 and CS90 treatments and M90 and increased from 152 to 201 g/kg of BW gain between FL90 and FL105 for treatments with solid feed (P = 0.03), but it was not affected (P = 0.60) by composition of solid feed. The energy content of BW gain was the greatest for treatment M90 (13.9 MJ/kg of BW gain) and decreased (P = 0.05) when solid feed was added, but was not affected by FL or inclusion of straw (P ≥ 0.11). 
DISCUSSION

Digestive Utilization of Nutrients
The apparent digestibility coefficients of nutrients from treatment M90 are in close agreement with previous results obtained with calves of similar BW and receiving the same type of milk replacer (Labussiere et al., 2008a) . The digestibility of nutrients from solid feeds were less than those for the milk replacer, but they are in the upper range of digestibility values reported previously for ruminating calves (Stobo et al., 1966; Ortigues et al., 1990; Ladely et al., 1995) . The digestibility coefficient of starch (mainly provided by whole corn grain) from diet CO is consistent with value measured in calves of similar age and raised as true ruminants (89%; Khan et al., 2008) but is markedly greater than value measured in 10-wk-old nonruminant calves (63%; Edwards and Barre, 1977) . Moreover, digestibility coefficients of fiber residues measured with diet CS are also greater than values estimated in ruminants (INRA, 2007) . This suggests that the solid feed may have a long retention time in the rumen due to the small quantity of feed entering the rumen at each meal (Huhtanen et al., 2006; Bhatti et al., 2008) , allowing for a more complete degradation by microorganisms. Additionally, our calves received solid feeds from the second week after purchase and were progressively adapted to the level of solid feeds offered during 4 wk before the measurements.
At FL105, digestibility of starch was less in treatment CS than in treatment CO (97.9 vs. 99.6%). Additionally, the fraction of DE lost as methane for ration CS decreased from 9.1% at FL90 to 5.3% for FL105, = milk replacer provided at a feeding level equaled to 90% of a reference DE allowance (FL90); CO90 = milk replacer plus corn and wheat gluten provided at FL90; CS90 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL90; CO105 = milk replacer plus corn and wheat gluten provided at a feeding level equal to 105% of a reference DE allowance (FL105); CS105 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL105. Contrasts: liquid vs. solid feed: M90 vs. CO90 and CS90; type of solid feed: CO90 and CO105 vs. CS90 and CS105; energy level: CO90 and CS90 vs. CO105 and CS105; the interaction between type of solid feed and energy level was also tested but is not shown due to nonsignificance for all variables. 4 NE = not estimable; data from calves receiving treatment M90 were removed from the analysis and only the remaining 3 contrasts were tested. = milk replacer provided at a feeding level equaled to 90% of a reference DE allowance (FL90); CO90 = milk replacer plus corn and wheat gluten provided at FL90; CS90 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL90; CO105 = milk replacer plus corn and wheat gluten provided at a feeding level equal to 105% of a reference DE allowance (FL105); CS105 = milk replacer plus corn, wheat gluten, and wheat straw provided at FL105. which may be indicative for a reduced rumen fermentation of the solid feed. Both criteria are associated with a decrease in ruminal pH (Erfle et al., 1982) , which may be related to increasing amounts of solid feed entering the rumen at each meal.
Dynamics of Nutrient Utilization
At the whole animal level, HP was partitioned according to a modeling approach between dynamic and constant components. The approach was first developed in swine (van Milgen et al., 1997) and has been used previously in calves (Labussiere et al., 2008a,b) ; it offers the opportunity to analyze HP kinetics as a result of cumulative effects of activity and feed intake, in addition to resting metabolism. The difference between the constant component when fed (RHP) and when fasting (FHP) is assumed to represent the longterm TEF (van Milgen and Noblet, 2000) . This TEF could not be partitioned between components relative to milk replacer and to solid feed due to the calculation method. The TEF is representative of metabolic phenomena without distinguishable kinetics (van Milgen and Noblet, 2000) such as protein turnover, metabolic activity of visceral organs, or a more continuous supply of nutrients. Results indicate that the addition of solid feed and the inclusion of wheat straw in the ration were associated with an increase in long-term TEF and may have changed the utilization of nutrients over time. In milk-fed veal calves, lactose transits rapidly through the abomasum, and glucose (and insulin) concentration in the blood rapidly increases in the first hour following a meal (Grizard et al., 1982) . As the calf gets older, the repeated excess in insulin concentration in the blood causes increased urinary glucose excretion (van den Borne et al., 2006; Labussiere et al., 2008a) , as observed with M90 calves. In calves receiving solid feeds, urinary glucose excretion numerically decreased. This seems to suggest that the increasing amounts of solid feeds resulted in a beneficial effect on glucose utilization. The provision of solid feed to veal calves may therefore avoid exceeding the temporal maximum ability of utilizing glucose.
Adaptation to Use Energy from Solid Feeds
Total HP was partitioned between components related to basal metabolic rate, physical activity, and intake of milk replacer and solid feed. We have previously proposed an alternative approach for calculating maintenance energy requirements from FHP and k mg . At FL90, FHP was close to values previously measured in growing steers (from 300 to 350 kJ/kg of BW 0.85 daily, Webster et al., 1974) or in veal calves fed milk replacer only at similar ME intake (Labussiere et al., 2008a) . In agreement with previous results in pigs (Koong et al., 1982; de Lange et al., 2006) or in calves (Labussiere et al., 2008c), FHP tended to increase when FL increased.
The efficiency of utilizing ME for maintenance and growth in calves receiving treatment M90 was consistent with the value previously measured by our group (83.4%, Labussiere et al., 2008a) . The k mg of the calves receiving solid feeds decreased from 81.7 to 79.5% when wheat straw was included in the ration. The k mg is representative of the amount of ME lost as AHP and TEF. In agreement with van den Borne et al. (2006) , AHP was not affected by the increase in FL associated with the addition of solid feed. It is furthermore consistent with values previously measured under similar conditions (51 kJ/kg of BW 0.85 daily; Labussiere et al., 2008a) , whereas the number of bouts of standing were less (16.5 vs. 19.3) and duration of standing activity was greater (6.5 vs. 5.3 h/d). Such results are indicative of a greater energy cost for changing posture than for staying in a standing position (Roefs et al., 1996) . The other HP component acting upon k mg is total TEF. The increased total TEF may indicate that the digestive tract (perhaps especially rumen motility) needed more energy when solid feed was offered to the calves. The increased total TEF may also be related to the greater amounts of N excreted in the urine; the latter may indicate an increased N catabolism for ATP production, which is less efficient than in the case of carbohydrates or lipids (Noblet et al., 1994) .
At FL90, maintenance ME requirement (kJ/kg of BW 0.85 daily) is greater than previous recommendations (Toullec, 1989; NRC, 2001 ) but consistent with our previous estimates in calves fed milk replacer only at similar FL (Labussiere et al., 2008a) . The maintenance ME requirement recommendations calculated from the regression between RE and ME using data from calves on different FL consider that the maintenance requirement is constant. In our approach (Labussiere et al., 2008a) , we did not compare calves with several FL, but calves were compared with themselves between fed and fasting state. From this calculation, maintenance ME requirement increased with FL but to a decreased extent compared with our previous experiment (0.13 vs. 0.22 kJ/additional kJ of ME intake).
Energy Values of Solid Feeds
Introduction of solid feeds increased methane production and daily amounts were in the range of values measured previously in veal calves receiving solid feeds (Vermorel et al., 1980; Ortigues et al., 1990) , whereas milk-fed calves produced negligible amounts of methane (van den Borne et al., 2006; Labussiere et al., 2008a,b) . In agreement with Johnson and Johnson (1995) , the inclusion of wheat straw increased the methane production, which seems to depend on the amount of feed entering the rumen at each meal. However, the combined use of solid and liquid feeds in veal calves may improve energy homeostasis because of decreased glucose losses in urine. As a result, the milk replacer has the greatest energy content, whereas the CS solid feed has the least. The CO solid feed, which tended to reduce urinary glu-cose excretion and was associated with low methane production, has intermediate energy values and constitutes a good alternative for providing energy to veal calves.
Effect of Inclusion of Solid Feed on Protein and Fat Gain
The efficiency of utilizing DN for treatment M90 was slightly less than previous observations with calves (Gerrits et al., 1996; Labussiere et al., 2008a,b) . For similar BW, we have previously observed that the ratio between DN and ME allowing for the greatest DN retention is close to 1.50 g/MJ (Labussiere et al., 2008b) . In the present experiment, the ratio between DN and ME was greater (1.68 g/MJ), and this may explain the decrease in DN retention. Inclusion of solid feeds in the ration was associated with a decrease in the efficiency of DN utilization (53 vs. 59%), whereas DN/ME ratio was similar. The inclusion of solid feed in the rations resulted in a reduced content of total lysine, threonine, valine, and isoleucine compared with the AA profile of the milk replacer (data not shown). The utilization of dietary protein by rumen microorganisms results in degradation and synthesis of AA before being absorbed by the intestinal wall in ruminants (Leng and Nolan, 1984) . Nevertheless, the greater amounts of N excreted in urine when solid feed was included in the ration indicates increased catabolism of AA (and urea synthesis) either in the rumen or by the host. It can also be argued that the forestomach development due to solid feed intake results in preferential use of essential AA by these tissues (MacRae et al., 1997) , whereas the amount of essential AA provided by solid feed is less than when by milk replacer.
Inclusion of solid feeds in the ration was not associated with changes in RE. However, less protein was retained in calves fed solid feeds compared with those fed milk replacer only. Data from the N balance indicate that efficiency of DN retention decreased when solid feeds were included in the treatment of veal calves. As mentioned earlier, this may indicate that, despite the high level of protein supply, AA were imbalanced, thereby decreasing N retention. The remaining RE was then stored as fat in body tissues. In an alternative approach, it could also be considered that protein was not deposited as a priority in veal calves (Gerrits et al., 1996) . Intake of solid feeds containing a high amount of starch was associated with an increased propionate production in the rumen (Suarez et al., 2006b) , and propionate may improve insulinemia secretion. The latter may favor fat deposition rather than protein deposition. Because McLeod et al. (2007) indicated that the postruminal infusion of glucose increased omental fat deposition in comparison with ruminal infusion of starch, it may be supposed that other body compartments would be involved in fat deposition in our study.
In conclusion, the inclusion of solid feeds in the ration of veal calves was associated with a decrease in digestive utilization of nutrients of the ration in connection with decreased digestibility values for nutrients from solid feeds. Nevertheless, the digestibility coefficients of starch and fiber were greater with veal calves than expected values from true ruminants, probably because of the increased retention time in the rumen. Efficiency of N retention was decreased when solid feed was provided to the calves, which may indicate an imbalanced AA supply. Further studies may be conducted to improve knowledge of (post)ruminal AA metabolism as the calves get older and are fed variable amounts of solid feed. Calorimetric measurements indicate that the inclusion of solid feed in the ration of veal calves did not affect total HP, FHP, and AHP values to a great extent. Nevertheless, solid feed resulted in greater energy losses as TEF causing decreased NE values. The efficiency of utilizing ME for maintenance and growth was therefore less for treatments with solid feeds. Energy retention was not affected by inclusion of solid feeds, but a decreased proportion of energy was retained as protein. The mechanism regulating protein and fat deposition has not been established.
